This study explores the role of collective actors during the early stages of industry emergence, predominant design. Through an inductive study of the early stages of the smart grid industry in the UK, I find that collective actors were central to facilitating the emergence of the new industry and that both their role and the opportunities for innovating firms to engage with their activity changes over the life cycle. During the initial stage of industry emergence, collective actors legitimise the case for change in the incumbent system and develop a collective understanding of the new industry. Innovating firms engage in educating and promoting their vision of the new industry to ensure a space for their technology in the collective understanding of the new industry. During the second stage, collective actors focus on theorising value ecosystems and developing a supportive institutional infrastructure. Innovating firms turn their attention to providing evidence on the value of their technology and removing barriers to its adoption. Understanding this process is critical for innovating firms that need to make strategic decisions regarding their participation in technological and institutional activities during this complex and risky period.
Introduction
Emerging industries offer innovating companies substantial opportunities and have received increasing attention in the literature (Giarratana, 2004; Kapoor & Furr, 2015; Sine & Lee, 2009; Suarez, Grodal, & Gotsopoulos, 2015) . The early emergence stage of an industry is the stage in which market leader positions are often established (Gustafsson, Jääskeläinen, Maula, & Uotila, 2016) such as in the mobile telecommunications industry (Rice & Galvin, 2006) . Successful firms often establish leadership positions during the early stages of industry emergence, before the market is clearly defined and structured (Santos & Eisenhardt, 2009 ).
However, emerging industries pose significant challenges for firms. New technologies not only compete against each other but also against the incumbent system, and competition extends beyond the market place into the institutional space as companies battle to gain support for their technologies (Van de Ven & Garud, 1989 ).
The complexity of the different technological, institutional and social processes that interact during the early stages of the emergence of a new industry leads firms to join forces in collective organizations, such as trade and professional associations (Van de Ven & Garud, 1993) . Previous work has demonstrated the crucial role of collective actors in supporting the emergence of the new industry by facilitating institutional change, mobilising resources, and legitimising the new industry through theorising, framing and agreeing on technological standards (Aldrich & Fiol, 1994; Greenwood, Suddaby, & Hinings, 2002; Gustafsson et al., 2016; Sine, Haveman, & Tolbert, 2005; Sine & Lee, 2009) . Notwithstanding the significant contribution made by these studies, they offer little understanding of how the role of collective actors evolves over the different stages of industry emergence, as the challenges and uncertainties to industry emergence change.
Given the central role of collective actors in industry emergence, understanding how their role changes over time is of strategic importance to innovating firms that need to make decisions regarding what type of technical and institutional activities to engage in as the new industry evolves ( Van de Ven & Garud, 1993) . This is particularly important in the context of industries with a technology base characterised by open complex technologies, that is technologies composed of closed systems linked by open standards (Tushman & Rosenkopf, 1992) , such as telecommunications or electricity. Empirical studies suggest that in these types of industries, firms that invest in engaging with collective actors may be able to influence the technological evolution of the industry (Bar & Leiponen, 2012; Leiponen, 2008) .
Furthermore, this effect is stronger during the early stages of industry emergence, predominant design (Rosenkopf & Tushman, 1998) .
Based on the theoretical gap identified, this study poses the following research question: how do collective actors facilitate the emergence of a new industry during the early stages, predominant design, and how do innovating firms engage with their activity over time?
To answer the research question, I carried out an inductive case study of the emergence of smart grids in the UK from 2005 to 2014. This period covers the early stages of industry emergence, pre-dominant design, when the influence of collective actors is greater. This is an interesting context in which to explore the research question because smart grids are still at an early stage of development with technological standards, business models and consumer services still in flux (Erlinghagen & Markard, 2012) .
Findings from this study suggest that during the early stages of the emergence of a new industry characterised by complex technologies, the role of collective actors and the strategic opportunities for firms to engage with their activity changes over the life cycle. During the initial stage, collective actors legitimise the case for change in the incumbent system and develop a collective understanding of the new industry. During this stage, innovating firms engage with collective actors to "make space" for their novel technologies in the emerging industry by educating other stakeholders on how their technology can solve the industry's challenges and by promoting their vision of the new industry. Once a collective understanding of the new industry emerges, the role of collective actors focuses on ensuring coordination across the value chain and driving consumer adoption by theorising value ecosystems and developing a supportive institutional infrastructure. During this second stage, innovating firms engage with collective actors to provide evidence on the value of their technology and remove barriers to its adoption.
This study contributes to our understanding of the complex processes that take place during the early stages of industry emergence pre-dominant design. It identifies the strategic action of technology firms that participate in both collaborative innovation projects and institutional activity, often via collective actors, as a mechanism of interaction between the development of the technological base of an industry and its institutional framework. It highlights the changing role of collective actors as the industry progresses and suggests that small innovating firms aiming to influence the development of a new industry characterised by complex technologies may use their technological capabilities to make up for their lack of market power.
Theoretical Background

The dynamics of industry emergence and collective actors
Traditional models of technology evolution propose that technologies and industries evolve following a consistent pattern with two distinct phases. The initial phase, or era of ferment, is triggered by a technological discontinuity which is followed by a period of technological uncertainty and experimentation (Anderson & Tushman, 1990; Utterback & Abernathy, 1975) . During this early phase, social, technological and political factors lead to the emergence of a dominant technological trajectory among several competing ones (Anderson & Tushman, 1990; Suarez, 2004) . The emergence of a dominant design resolves the technological uncertainty of the era of ferment and enables the industry to move to the next phase, the era of incremental change, where technological progress takes place along a selected technological trajectory until a new technological discontinuity starts the cycle all over again (Anderson & Tushman, 1990) .
Recent studies have extended the life cycle framework by identifying two distinct phases within the era of ferment, an initial stage and a co-evolutionary stage which are demarcated by the emergence of a dominant category or collective technological frame, that is a collective understanding of the meaning of the new industry (Gustafsson, Jääskeläinen, Maula, & Uotila, 2016; Kaplan & Tripsas, 2008; Suarez, Grodal, & Gotsopoulos, 2015) .
During this initial stage, the incumbent order or technology is challenged yet the new order is not clearly defined (Gustafsson et al., 2016; Kaplan & Tripsas, 2008; Suarez et al., 2015) .
The meaning and even the existence of the new industry is still uncertain and a firm that enters the industry during this initial stage faces great uncertainty as the industry itself has not been clearly defined and the required functionality of the new products or technologies is being negotiated (Kaplan & Tripsas, 2008; Suarez et al., 2015) .
The emergence of a dominant category or collective technological frame resolves the cognitive uncertainty surrounding the new industry during the initial stage and marks the beginning of the co-evolutionary stage. During this second stage, the co-evolution of technology, institutional and social developments enable the progression of the industry and culminate in the selection of a dominant design (Anderson & Tushman, 1990; Gustafsson et al., 2016; Powell & Grodal, 2005) . This phase is characterised by competition between different technology designs, strategic positioning by firms and collective action which eventually lead to the emergence of a dominant design (Anderson & Tushman, 1990; Gustafsson et al., 2016) .
The emergence of a new industry is therefore shaped by technological, institutional and social forces that interact and mutually influence each other (Garud & Karnøe, 2003; Garud & Rappa, 1994; Pacheco, York, & Hargrave, 2014; Van de Ven & Garud, 1989 . The complexity of the early phases of industry emergence, drives firms to cooperate in the development of the infrastructure required to support the new industry, often through forming or joining collective actors (Van de Ven & Garud, 1993) . Collective actors can be broadly defined as organizations representing collective interests (Sine, Haveman, & Tolbert, 2005) .
Previous studies suggest that during the early stages of industry emergence collective actors have an important role in triggering institutional change in support of the new industry. For example, the emergence of the cochlear implant industry required changes in the way new technologies were evaluated and this new evaluation rules were developed by trade associations ( Van de Ven & Garud, 1993) . In the US, the actions of environmental organisations were key drivers of the regulatory changes that created a favourable tax environment for wind developers, supporting the growth of the early wind power industry (Sine & Lee, 2009) . Likewise, the for-profit recycling industry in the US benefited from the educating activities of non-for-profit recycling organisations which enabled the cultural change necessary for the for-profit recycling business to flourish (Lounsbury et al., 2003) .
Collective actors also contribute to legitimising a new industry (Aldrich & Fiol, 1994) .
Professional associations were crucial to the legitimisation of the management consulting field by identifying the problems that the accounting profession was encountering and proposing solutions (Greenwood et al., 2002) . In the process that led to the legitimation of the US wind power industry, environmental organisations had a vital role in developing a hybrid logic that combined economic and environmental motives for supporting wind energy and therefore appealed to a broad set of stakeholders (York, Hargrave, & Pacheco, 2016) .
Trade associations are also significant in the legitimisation of a new industry by enabling the emerging industry to settle on technology standards and facilitate industry growth (Aldrich & Fiol, 1994; Anderson & Tushman, 1990) . Notwithstanding the significant contributions made by these studies, they offer little understanding on how the role of collective actors evolves over time, as the challenges to industry emergence change, and how innovating firms engage with their activity. This is non-trivial as previous work suggests that firms that engage with collective actors may be able to influence the technological evolution of an industry (Bar and Leiponen 2012, Leiponen, 2008; Rosenkopf & Tushman, 1998) . It is therefore important for innovating firms to understand how the role of collective actors changes over time so that they can make strategic decisions regarding the allocation of their limited resources to technological and institutional activities that take place over the early stages of industry emergence.
This study aims to build upon the literature on industry emergence reviewed above by asking the following research question: how do collective actors facilitate the emergence of a new industry during the early stages, pre-dominant design, and how do innovating firms engage with their activity over time?
Data and Methods
Research design and setting
The research design is an inductive case study of the emergence of smart grids from 2005 to 2014 (Eisenhardt, 1989) . This method is appropriate because the focus of this research is to gain an in-depth understanding of the complex dynamics that take place in emerging industries and the contextual conditions are important (Yin, 1994) . Furthermore, the aim of this study is to extend existing theory which can also be accomplished from case study evidence (Eisenhardt, 1989; Greenwood & Suddaby, 2006; Yin, 1994) .
The empirical setting is the development of smart grids in the UK from [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] . A smart grid is an advanced electricity network which incorporates information and communication technologies (ICT) to the traditional electricity network infrastructure allowing it to understand the state of the network at any given moment and automatically respond to changes in electricity generation and demand in close to real time (Teh, Goujon, Bortuzzo, & Rhodes, 2011) . The smart grid is an emerging industry, which in functional terms is part of the electricity sector but requires technological components and know-how that originate from the ICT sector (Battaglini, 2009; Erlinghagen & Markard, 2012) . This is a particularly relevant context in which to study the dynamics of industry emergence because smart grids are not just about new technologies, as well as requiring a fundamental technological restructuring of the electricity system, institutional changes will also be necessary for their development (Kunneke, 2008) . Furthermore, given the early stage of development and the technological complexity, socio-political forces will be important, thus providing a unique case to observe the activity of collective actors and the engagement of firms with their work (Eisenhardt, 1989; Yin, 1994) . The period selected is appealing because during those years the field was still in an early stage of development with technological standards, business models and consumer services in flux (Erlinghagen & Markard, 2012 ).
This period is sufficiently long to observe longitudinal patterns yet recent enough to allow the collection of detailed data as events unfold (Santos & Eisenhardt, 2009 ).
The availability of data was another important reason to study the emergence of smart grids technologies in the UK. In 2005 and later in 2010 a number of regulatory incentives in the UK triggered the formation of an innovation network formed by approximately 400 R&D projects and 47 smart grid demonstration projects. Given that these projects were partially funded with public money, information on them had to be reported regularly and made available. In addition, information on the activity of collective actors during this period was also publicly available via the websites of the main institutional players, the government, the UK regulator of the electricity networks and the relevant trade associations. These websites provide information on the activity of the collective actors as well as access to all their deliverables.
Finally, the boundaries of the field studied were defined by the innovation network formed by the 2005 and 2010 innovation incentives, the Innovation Funding Incentive (IFI) and the Low Carbon Networks Fund (LCNF). All these innovation projects are led by UK electricity distribution network companies (DNOs) and since new grid technologies cannot be fully proven in the laboratory or on a simulator (SmartGrids, 2006) , when a level of development is reached, unproven technologies need to be trialled on a network, therefore, by focusing on the innovation projects of the DNOs, owners and operators of the UK electricity distribution network, I am able to capture most of the applied innovation activity for the development of smart grids taking place in the UK during the observation period. Stakeholder groups interviewed included the government, the regulator for the electricity networks, distribution network operators, the UK transmission network operator, electricity suppliers, technology providers, information and communications firms, groups representing the environment, groups representing the consumers and experts in the energy field. The interviews lasted between 30 and 90 minutes and were recorded whenever possible and transcribed. There were with a few instances where the interviewee requested that the interview not be recorded or expressed concerns mainly related to confidentiality, in which case notes were taken and a formal write up was carried out shortly afterwards (Miles, Huberman, & Saldana, 2013) . This initial work allowed me to set the boundaries of the case, focus the research question and direct subsequent data collection (Miles et al., 2013) .
Data collection
The exploratory phase of this research identified two main activities as being the most relevant for influencing the development of smart grids in the UK, one was participating in the collaborative innovation projects led by the UK electricity distribution network operators, and second, it highlighted the importance of a number of stakeholder groups whose work was expected to influence the development of the institutional context. Following this phase, I
carried out eight additional interviews to better understand the work of these stakeholder groups. These findings were corroborated with archival data and by further interviews carried out at the Low Carbon and Innovation Conference in 2015 thus allowing for triangulation of the data.
The next phase involved understanding the activity of the different stakeholder groups and how firms engaged with that activity. For that purpose, I collected data on the different groups and created a database that included the technological and institutional activity of each firm that participated in the innovation projects. Information on the stakeholder groups identified by the interviews was available from the National Archives which contains a section dedicated to government information published on the web, the UK Government Web Archive 1 . That information includes terms of reference and membership of each group, description of the groups, information on work streams, meeting summaries, specific projects carried out, outputs and annual reports. The Smart Grid Forum advantage in accessing cooperative innovation activity. These interviews were carried out at the Low Carbon Networks and Innovation Conference that took place in 2015 in Liverpool.
All these interviews were recorded, transcribed and coded.
Data analysis
The data analysis proceeded as follows. The first step consisted of a theme analysis of the exploratory interviews to develop an understanding of the main developments in the field. As a result an interim case report was written consolidating the views of the interviewees on their understanding of smart grids, the main drivers for their development, the key stakeholders that needed to engage, how firms tried to influence their development and the main challenges to the development of smart grids in the UK (Miles et al., 2013) . I shared the interim case report with all interviewees and requested feedback from them.
Following this exploratory phase, it emerged that collective actors were central to the progression of the progression of the emerging field and that firms tried to shape the emergence of the new industry by participating in both collaborative innovation activity and collective action. I then focused on understanding the role of the main collective actors identified by the interviews. For this purpose, I developed a "data bank" formed by all the archival materials related to stakeholder groups including annual reports, terms of reference of the main groups as well as of the work streams, and reports delivered by the different work streams (Greenwood et al., 2002) . Using these extensive materials on the stakeholder groups as well as the data from the exploratory stakeholder interviews, I developed a chronological account of the activities undertaken by the different stakeholder groups, which organisations participated in them, why they were established, when, which work streams had they created, what outputs they produced and what impact they had. I then supplemented this account with the analysis of the later interviews to firms participating in the innovation projects which had been coded using first, descriptive coding and then second order coding to uncover patterns of interaction between institutional and innovation activities (Miles et al., 2013; Saldaña, 2015) .
Findings
The findings of this study are organised around two distinct phases in the early stages of the emergence of smart grids, pre-dominant design. The initial emergence stage covers the period 2005-2010 and the second phase, from 2010-2014, coincides with the co-evolutionary stage, although I do not capture the emergence of a dominant design. Nonetheless, towards the end of the observation period, technology leaders were starting to emerge and standardisation activity was ongoing.
2005-2010: Initial industry emergence stage
The need to transform the energy system was triggered by environmental pressures to reduce C02 emissions in response to climate change concerns. These societal pressures resulted in the UK committing to highly ambitious CO2 reduction targets which required a significant increase in the amount of electricity generated by renewable energy sources. Since the traditional electricity industry was designed around large, carbon-based generation plants, the required increase in renewable generation challenged the technological, commercial and institutional arrangements of the incumbent system.
Legitimise the case for change
Increasing societal and institutional pressures towards a sustainable, low carbon energy system that challenged the incumbent industrial arrangements led the UK government and regulator to invite the electricity industry elite, formed by senior industry figures and strategic thinkers, to convene in a government-industry group to address those challenges. The first group created for this purpose was the Embedded Generation Working Group (EGWG) and its objective was to understand the technical and institutional limitations of the electricity system to achieve the UK's targets for low carbon generation. These targets had been set by the government in The UK Programme for Climate Change following the UK's adoption of the Kyoto Protocol and aimed to increase the electricity generated from renewable sources from 2.8% of total electricity generated in 1999 to 10% in 2010. The members of the EGWG represented the Government, the regulator (Ofgem), electricity customers, suppliers, generators and network operators.
The group carried out its activities during the years 2000 and 2001 and published a main report which first, established that change was needed in the electricity industry for the Government targets to be achieved: These early groups were crucial for legitimising the change process, they did this by engaging elite influential players in the strategic groups that made policy recommendations, connecting the need for change to broader environmental goals and by bringing stakeholders across the value chain to work together on understanding why change was required and what aspects of the incumbent system needed to be reviewed.
Develop a collective understanding of the new industry
As larger amounts of renewable generation technologies started to connect to the distribution network it became clear that technological innovation would be necessary, or electricity networks could become a bottleneck for the achievement of the UK's carbon reduction targets. In 2005 the Government and regulator created the Electricity Networks Strategy Group (ENSG) to advise the government on issues related to the development of the electricity networks. Its objectives went beyond identifying barriers to connecting greater distributed generation and this group starts to explore specific novel technological solutions to facilitate the integration of larger amounts of renewable generation into the networks.
The members of the ENSG were senior figures and strategic thinkers from electricity distribution, transmission and supply, and they could nominate members of the working groups. Two working groups were established to carry out the detailed work and to manage with smart appliances, integration of electric vehicles and end-to-end solutions. By identifying the innovation needs for the development of smart grids, the ENSG was able to direct the innovation efforts of the DNOs and motivate the development of the different technologies that had been identified as part of a smart grid.
The SGWG had 25 members, one of which was Intellect, the trade association representing the IT sector, traditionally outside of the electricity system, and two innovative smart grid technology companies, RLTec and Smarter Grid Solutions, as well as the network companies and the Renewable Energy Association. The membership of this group shows that some firms outside of the traditional energy supply chain start to engage in the development of the institutional framework for the emergence of smart grids.
The main role of the ENSG was to develop a vision for the new industry that could be accepted by all stakeholders. This vision was built from the ENSG's early work which identified new concepts and novel network technologies that were being developed in R&D projects in the UK and abroad. Furthermore, the ENSG identified specific technology areas that needed to be developed providing clear direction for subsequent innovation activity.
As a result of the work of these three early collective actors, in 2008 Ofgem launched a review of the regulatory framework for the electricity network companies that resulted in a new regulatory model (RIIO), which aimed to encourage network companies to "play a full role in delivering a low carbon economy and wider environmental objectives" (Ofgem, 2013) . To conclude, during this initial stage of industry emergence, the main role of collective actors was to support and direct the change process by establishing and legitimising the case for change, and by developing a collective understanding of the new industry that could be accepted by all the relevant stakeholders. To achieve this, collective actors engaged the industry elite in establishing and understanding the need for change, they connected the need for change to broader environmental goals and they engaged relevant stakeholders, including all the network companies, Intellect, the trade body for ICT firms, the Renewable Energy Association, The Centre for Sustainable Electricity and Distributed Generation, The Carbon
Trust and innovating firms in developing a collective understanding of the emerging industry which would direct subsequent innovation activity. At the field level, this work resulted in regulatory change and in the creation of collective resources for innovation. 
Innovating firms: educating and promoting their vision
2010-2014: co-evolutionary industry emergence stage
In 2010, following the development of a collective understanding of the meaning of smart grids in the UK, as well as the availability of collective resources to set up smart grid demonstration projects, the innovation activity is catapulted and the need for field coordination and technological integration increases. The Smart Grids Forum, a highly influential collective actor, is created to address the coordination of the emerging field and facilitate its progression. During this second stage the innovation activity progresses from developing component technologies to the demonstration of integrated smart grid solutions.
Large, flagship technology demonstration projects are set up by all DNOs encouraging the entry of innovating firms, mainly from the ICT sector and from other parts of the energy value chain such as demand side management and low carbon transport. The key challenges during this phase were to engage stakeholders outside of the traditional energy industry in the development of smart grids, understand how smart grids could deliver value to consumers, coordinate technological progression across the value chain to avoid bottlenecks and develop the institutional infrastructure to support consumer adoption of smart grid technologies.
Theorise value ecosystems
Once the need for the electricity networks to change had been legitimised and the vision of During its first years, through its work streams, the SGF produced highly influential pieces of work. First the SGF carried out an evaluation framework for smart grids which allowed to understand whether there was a business case for supporting the development of smart grids.
The evaluation framework did not consider the value of smart grid technologies in isolation, it considered the value of what they initially termed smart grid investment strategies. The smart grid solution sets were also the basis for the analysis of work stream six which led to identifying new roles and relationships that different industry actors needed to establish for smart grids to develop, it also anticipated possible conflicts among industry participants and proposed how those conflicts could be managed, and finally recommended actions for each stakeholder to take in order to overcome the challenges to the implementation of smart grids.
The early work of the Smart Grids Forum sought to understand the different value propositions of smart grids, what new and existing technologies were required for the various smart grid solutions and which were the new roles and relationships among the different actors that facilitated the delivery of those new smart grid solutions. Defining smart grid solution sets allowed distribution network companies and all the other actors engaged in the development of smart grids through the SGF to understand the different technologies that comprised a specific smart grid solution and plan their investment and innovation activity around that. Furthermore, by building on those solutions to identify new roles and relationships between the different actors in the smart grid, the SGF were effectively working towards developing value ecosystems around new smart grid technologies. That is, the group of technologies that needed to interact as well as the structure of that interaction, defined by the roles and relationships between the different actors. The smart grid solution sets encouraged the development of value ecosystems and the coordination of the development of the different component technologies needed for smart grids to emerge.
Provide institutional support
The Smart Grids Forum (SGF) did not have executive power, however, it provided advice to the UK government (DECC) and regulator (Ofgem) on issues related to the development of smart grids. One of the central objectives of the SGF was to "ensure regulatory and
commercial frameworks enable and support the deployment of smart technologies and new commercial practices" Smart Grid Forum, Updated Smart Grid Vision and Routemap, February 2014
Work stream six of the SGF was established precisely with the aim of identifying the regulatory and commercial challenges to implementing smart grids in the UK and making recommendations as to how those challenges should be addressed. To develop an understanding of how those challenges could be overcome, work stream six organised a learning event where participants in the LCNF demonstration projects could present and raise issues regarding existing barriers to deployment of smart grid technologies. In addition, work stream six compiled a list of smart community energy trials, identified the barriers and enablers arising from the projects and converted those into specific actions. The evidence from these smart grid demonstration projects was the basis for the policy recommendations made by work stream six. These policy recommendations were then used by Ofgem, the regulator, to inform its strategy for the 2015-2023 regulatory period (RIIO-ED1) and policy position papers.
"We will build on the work to date (including the learnings from the Low Carbon Network-
Fund) and the thinking undertaken through Workstream six of the Smart Grid Forum and will
engage with stakeholders in carrying out our work." Ofgem flexibility position paper.
The learning from the smart grid demonstration projects, therefore, became an important input into the work of the Smart Grids Forum which resulted in specific policy recommendations. By making policy recommendations that drew from the experience of the electricity distribution network companies and the challenges they had encountered deploying smart grid solutions in demonstration projects, the SGF contributed to developing institutional structures that supported the adoption of smart grid technologies thus driving consumer adoption of smart grid solutions.
To conclude, during this second stage of industry emergence, the Smart Grids Forum and its work streams played a crucial role in advancing the emergence of smart grids in the UK through developing an understanding of the value of smart grid solutions and how that value could be created, and by promoting the development of a supportive institutional infrastructure. As a result, the SGF encouraged investment in all the technology components required for the new industry to create value and drove the development of a market for the products and services of the new industry.
Innovating firms: increase value of their technology and remove barriers to innovation
During this second stage of industry emergence, the innovation activity for the development of smart grids progresses from the R&D phase into the demonstration phase where different technology components are integrated to provide value-added smart grid solutions. However, to engage with the demonstration projects, firms needed to have a technology that had been through the development phase and was ready to be trialled. In this sense, innovating firms that had established R&D collaboration projects with DNOs in the earlier periods had the advantage of having been involved in the innovation activity for approximately five years and had technologies that were now ready to be demonstrated at a larger scale. This was the case, In addition, the SGF provided opportunities to engage with its work indirectly by providing the opportunity to comment on its work via a consultation process. For example, before the final smart grids evaluation framework was published, the smart grids forum issued a consultation document containing the methodology used for establishing the value of smart grids. This gave stakeholders the opportunity to respond and influence the final evaluation framework. 17 organisations responded to the consultation on the evaluation framework for smart grids, including all the network companies, electricity suppliers, the trade association for manufacturers of traditional electricity network equipment such as ABB and GE, the trade association for ICT firms and two innovating firms IBM and Smarter Grid Solutions.
In As can be seen below from an extract from the final smart grids evaluation framework, active network management (ANM) was included as a key representative smart grid solution:
"Solutions covered in this document are:
• Battery Electrical Energy Storage;
• Dynamic Thermal Ratings;
• Enhanced Automatic Voltage Control;
• Technologies to facilitate DSR to reduce local network costs; and
• Active Network Management (dynamic network reconfiguration)." A framework for the evaluation of smart grids, March 2012.
Thus, by engaging with the consultation of the smart grids forum, Smarter Grid Solutions was able to shape a crucial piece of work and ensure that its novel technology was considered valuable within the context of smart grids.
The ability of the activity of the SGF to build a business case for smart grid technologies and identify and remove barriers to the deployment of technological innovation was an important factor that drove smaller firms to engage with its work because it facilitated the adoption of their novel technologies. During this phase, innovating firms focus on demonstrating the value of their technology and in removing barriers to its adoption. The demonstration projects provided firms with evidence that they could use to shape the development of the institutional framework to favour their new technologies. The learning and experience gained from the technology demonstration projects become important inputs into the work of collective actors that could determine the value of a new technology and drive its adoption by consumers.
Furthermore, success in the innovation projects conferred innovating firms legitimacy to participate in the development of the institutional context. Perception as a technology leader gave innovating firms access the working groups of the Smart Grids Forums and the ability to respond authoritatively to a consultation on specific technical issues. Participation in the demonstration projects becomes of double importance, as it provides innovating firms with evidence on the value of their technology and allows them to shape the development of the institutional context.
Integrated framework of industry emergence
The emergence of a new industry involves the co-evolution of complex social, institutional and technological processes. I develop a framework to understand the role of collective actors during the early stages of industry emergence, pre-dominant design, and the interactions between the different co-evolutionary processes. The observation period corresponds approximately with the era of ferment before a dominant design is established.
During that period, two phases unfold, an initial phase which culminates with the development of a collective technological frame and a second, or co-evolutionary phase, at the end of which technology leaders start to emerge, although the process of convergence on a dominant design is still ongoing at the end of the observation period.
During the initial stage of industry emergence societal demands put pressure on the incumbent electricity system. A collective body is formed to understand the nature of the challenges and to develop an understanding on how those challenges can be addressed. The early collective actors had a central role in legitimising the case for change by engaging elite players in understanding the problem, connecting the need for change to broader environmental issues and engaging stakeholders along the value chain in proposing solutions for the challenges identified. Once the case for change had been legitimised, another 
Discussion
This study aimed to increase our understanding of the complex technological, institutional and social processes that take place during the early stages of industry emergence through the analysis of the emergence of smart grids in the UK. It makes two contributions to the literature on the emergence of new industries. First, it extends previous co-evolutionary models of industry emergence by identifying new mechanisms of interaction between institutional and technological processes (Pacheco et al., 2014; Van de Ven & Garud, 1989 . It identifies the strategic action of technology firms that participate in both collaborative innovation projects and institutional activity, often via collective actors, as a mechanism of interaction between the development of the technological base of an industry and its institutional framework. Innovating firms engaged in collaborative demonstration projects use the evidence from their projects to remove institutional barriers to the deployment of their new technologies and use the strategic information gathered by engaging with influential collective actors to strategically align their innovation activity with the direction in which the industry is expected to develop.
Second, it contributes to previous studies that examine the role of collective actors in industry emergence (Dowell, Glen et al., 2002; Garud & Karnøe, 2003; York et al., 2016) During the initial stage innovating firms focus on educating and framing to make space for their technology in the vision of the new industry while in the co-evolutionary stage innovating firms focus on increasing the value of its technology and removing barriers to its deployment. Finally, at the firm level, this study suggests that in the emergence of complex technological fields, small innovating firms that don't have the market power to use traditional nonmarket strategies such as lobbying (Oliver & Holzinger, 2008 ) may use their status as technology experts confered by unique technological capabilities and innovation success to try and influence the development of the institutional context. In the emergence of the smart grids in the UK, small technology firms that had become technology leaders as a result of their innovation activity for development of smart grids were able to access the working groups or carry-out contracted work for the SGF which had a policy impact. This was the case, for example, of Smarter Grid Solutions the leading firm in providing active network management technologies, Nortech, a leader in systems integration and EA Technology, a leader in asset management.
Boundary conditions and limitations
I expect that the insights from this study will be applicable to industries characterised by complex technological systems and strongly influenced by the government or regulator. In industries with complex technologies, collective actors have a greater role because coordination becomes crucial to the progression of the industry to avoid technology bottlenecks, to encourage investment and to drive market creation. Dependence on the government or regulator will drive innovating firms to engage to a greater extent in the development of the institutional context to ensure support for their innovations. Furthermore, in industries characterised by complex technologies and high dependence on the government and regulator, policymaking and regulation will have a greater reliance on technology experts for advice on aspects related to the development of institutional context to facilitate the emergence of the new industry.
Conclusion
Understanding the different processes that interact during the emergence of a new industry is of strategic importance for technology firms that wish to participate in its development.
During this complex period, individual firms must make strategic decisions regarding what type of technical and institutional activities it will engage in ( Van de Ven & Garud, 1993) . 
